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nary. On the other hand, the high number of 
species found during the present study suggests 
that trematodes represent the dominant compo¬ 
nent of helminth fauna of freshwater fish of the 
Peninsula, similar to observations of Scholz et 
al. (1995a, b) and Salgado-Maldonado et al. 
(1997). 
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Biomphalaria glabrata was studied. Of 40 juvenile 
snails (4 ± 0.2 mm in shell diameter) exposed to 5 
miracidia each, 24 were alive at 6-wk postexposure 
(PE) and 16 of these were infected with E. caproni 
larvae. Of 40 size-matched control snails maintained 
identically to the experimental snails except for mira- 
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cidial exposure, 35 were alive at the end of the 6-wk 
observation period. The significantly greater survival 
rate of the control snails suggested that parasitism with 
larval E. caproni adversely affected snail survival. Ex¬ 
posure to E. caproni miracidia did not alter the growth 
of juvenile B. glabrata since there was no significant 
difference in shell diameter of exposed and control 
snails during the 6-wk observation period. The number 
of snail egg masses among the unexposed snails was 
3.5 to 5.5 times greater than that of exposed snails, 
suggesting that infection with E. caproni adversely af¬ 
fected fecundity in B. glabrata. 

KEY words: Echinostoma caproni, Trematoda, 
Biomphalaria glabrata, Gastropoda, invertebrate-par¬ 
asite relationships. 

Effects of larval trematode infections on their 
first intermediate host snails have been studied 
in many host—parasite systems (see Thompson 
[1985, 1997] and Hurd [1990] for review). How¬ 
ever, schistosome-snail interactions have been 
studied more extensively because of the medical 
significance of schistosomes. The effects of lar¬ 
val schistosomes on the dynamics of snail pop¬ 
ulations, as defined by snail survival, growth, 
and fecundity, have been investigated. For ex¬ 
ample, Crews and Yoshino (1989) showed that 
Schistosoma mansoni infection reduced the fe¬ 
cundity of Biomphalaria glabrata ; Mueleman 
(1972) demonstrated that infection of sexually 
mature B. pfeifferi with S. mansoni miracidia re¬ 
sulted in decreased fecundity and accelerated 
growth. In contrast, Raymond and Probert 
(1993) showed a reduction of growth of both 
immature and mature Bulinus natalensis infected 
with S. margrebowiei. 

Effect of echinostome infection on survival, 
growth, and fecundity of sna hosts has received 
little attention. Christensen et al. (1980) noted 
that various species of Biomphalaria infected 
with miracidia of an Egyptian strain of Echinos¬ 
toma caproni (referred to as E. liei in their 
study) showed an increased death rate compared 
with the uninfected control snails. Details of 
their experiments were not given. Kuris (1980) 
reported that infection with an Ethiopian strain 
of E. caproni (referred to as E. liei in his study) 
decreased the growth rate and increased the 
mortality of 1-2-mm juvenile B. glabrata, but 
had no effect on growth and survival of 4-6- 
mm juvenile snails. 

The E. caproni—B. glabrata model has been 
relatively unexplored for studies on larval trem- 
atode-gastropod relationships. This model is 


particularly useful because this echinostome can 
be cycled easily in the laboratory between B. 
glabrata snails and mice, chicks or hamsters 
(see Fried and Huffman [1996] for review). The 
purpose of the present study was to determine 
the effect of infection with an Egyptian strain of 
E. caproni on survival, growth, and fecundity of 
juvenile B. glabrata (4 ± 0.2 mm in shell di¬ 
ameter). 

In each of 4 experiments, 10 B. glabrata 
snails (4 ± 0.2 mm in shell diameter) were ex¬ 
posed individually to 5 miracidia of E. caproni 
in 1.5 ml of artificial spring water (ASW; Ulmer, 
1970) in a multi well chamber for 24 hr, and an 
identical population of snails was treated the 
same way but not exposed to miracidia. Exper¬ 
imental and control snails were placed in sepa¬ 
rate 400-ml plastic beakers, 10 per 350 ml of 
ASW. 

Snails were fed boiled leaf lettuce ad libitum 
supplemented with occasional feeding of 
TetraMin (Tetra Werka, Melle, Germany), main¬ 
tained at 23 ± 1°C, and the water was changed 
twice weekly. Snail shell diameters were mea¬ 
sured weekly for 6 wk of postexposure (PE). 
The number of live snails, number of egg mass¬ 
es, and number of eggs per mass were recorded 
weekly. At 6-wk PE, the exposed snails were 
necropsied to determine the presence of rediae 
in the digestive gland-gonad complex (DGG). 

Survival and growth data between exposed 
and control groups were compared using a two- 
tailed Kruskal-Wallis analysis of variance test 
(True Epistat™, Epistat Services, Richardson, 
Texas), with P < 0.05 considered significant. 

Of the 40 exposed and 40 control snails used, 
24 and 35 snails, respectively, were alive at 6- 
wk PE. Of the 24 exposed snails examined at 6- 
wk PE, 16 were infected with E. caproni rediae. 
Mean weekly survival of exposed and control 
snails is shown in Figure 1. The survival of 
snails exposed to E. caproni miracidia decreased 
significantly during the 6-wk PE (P = 0.003). 

Increased snail mortality probably resulted 
from extensive damage to the DGG of infected 
snails (see Fig. 16 in Fried and Huffman 
[1996]). Such damage resulted in extensive dis¬ 
ruption of the architecture of the DGG. The ef¬ 
fects of redial infection with E. caproni on or¬ 
gans other than the DGG have not been studied. 

Mean shell diameters of exposed and control 
snails are shown in Figure 2. There was no sig¬ 
nificant difference in the shell diameter of con- 
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Figure 1. Percent survival of juvenile Biom- 
phalaria glabrata with and without exposure to 
Echinostoma caproni miracidia (open circles = ex¬ 
posed snails; closed circles = unexposed snails). 


trol snails versus those exposed to E. caproni 
during the 6-wk PE (P = 0.851). 

Egg masses were first seen in 2 control groups 
and 1 exposed group at 5-wk PE. All control 
groups had egg masses at 6-wk PE, while only 
2 of 4 of the experimental groups had egg mass¬ 
es at this time. Egg masses from infected snails 
were often misshapen and contained fewer em¬ 
bryos per egg mass than those from uninfected 
snails. The mean ± SEM number of egg masses 
per snail in the control groups at weeks 5 and 6 
PE was 0.4 ± 0.2 and 0.3 ±0.1, respectively. 
The mean ± SEM number of egg masses per 
snail in the exposed groups at weeks 5 and 6 PE 
was 0.1 ± 0.1. The mean ± SEM number of 
eggs per snail in the control groups at weeks 5 
and 6 PE was 3.3 ±1.9 and 3.2 ± 1.0, respec¬ 
tively. The mean ± SEM number of eggs per 
snail in the exposed groups at weeks 5 and 6 PE 
was 0.6 ± 0.6 and 0.9 ± 0.5, respectively. The 
mean number of eggs in control groups was 5.5 
times greater than in experimental groups at 5- 
wk PE and 3.5 times greater at 6-wk PE. The 
number of eggs in the experimental groups was 
significantly less (P < 0.05) than that of the con¬ 
trol groups at 5 and 6 weeks PE. 

Survival of the exposed snails was signifi¬ 
cantly reduced compared to that of the unex- 
posed snails (P = 0.003), suggesting that larval 
parasitism by the Egyptian strain of Echinosto¬ 
ma caproni adversely affected the survival of 
juvenile Biomphalaria glabrata. Our finding 



Figure 2. Mean shell diameter of juvenile Biom¬ 
phalaria glabrata with and without exposure to 
Echinostoma caproni miracidia (open circles = ex¬ 
posed snails; closed circles = unexposed snails). 

supports the previous observation by Christen¬ 
sen et al. (1980) on increased mortality of Biom¬ 
phalaria snails infected with an Egyptian strain 
of E. caproni. However, our finding differs from 
that of Kuris (1980), in which exposure to an 
Ethiopian strain of E. caproni had no effect on 
the survival of 4-6-mm B. glabrata. Factors 
other than parasite strain differences may ac¬ 
count in part for discrepancies seen in the 2 
studies. Thus, whereas we infected individual 
snails each with 5 miracidia, Kuris exposed 25 
snails en masse to 125 miracidia; temperature of 
snail maintenance was not given in that study, 
whereas we maintained our snails at 23 ± 1°C. 

Our results suggest that larval parasitism of 
E. caproni in B. glabrata did not alter snail 
growth, at least based on maximal shell diame¬ 
ters of the snails. Moreover, there is no evidence 
for gigantism in this model as reported for var¬ 
ious snail-larval trematode systems (see Thomp¬ 
son [1985, 1997] and Hurd [1990] for review). 
Kuris (1980) noted a decline in growth of 1-2- 
mm B. glabrata infected with the Ethiopian 
strain of E. caproni, but no adverse effect of 
parasitism on the growth of snails exposed at 4- 
6 mm was recorded. 

Fecundity of snails was not studied by Kuris 
(1980), but results of our studies show that the 
number of eggs laid by control snails was 3.5 to 
5.5 times greater than that laid by the exposed 
snails at 5- to 6-wk PE. In accord with numerous 
studies on larval trematode infections in snails. 
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juvenile B. glabrata infected with E. caproni 
larvae showed reduced fecundity. 
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abstract: Twenty spotted salamanders Ambystoma 
maculatum and 20 red-backed salamanders Plethodon 
c. cinereus were collected from NW Wisconsin in May 
1996 and examined for helminth parasites. Two spe¬ 
cies of helminths infected the spotted salamanders, 
while 3 species infected the red-backed salamanders. 
The nematode Batracholandros magnavulvaris had the 
higest prevalence in spotted salamanders (45%), while 
the nematode Rhabdias sp. had the highest prevalence 
in red-backed salamanders (30%). The trematode Bra- 
chycoelium salamandrae had the highest mean inten¬ 
sity in both hosts, 3.3 n A. maculatum and 2.0 in P. 
c. cinereus. This is the first report of B. magnavulvaris 
from Ambystoma maculatum as well as the first report 
of it from Wisconsin. 

KEY WORDS: Ambystoma maculatum, Plethodon c. 
cinereus, Brachycoelium salamandrae, Batracholan¬ 
dros magnavulvaris, Rhabdias sp., Wisconsin. 


The spotted salamander Ambystoma macula¬ 
tum Shaw, 1802, is a large, robust species of 
mole salamander reported from south-central 
Ontario to Nova Scotia, south to Georgia and 
eastern Texas (Vogt, 1981). The red-backed sal¬ 
amander Plethodon c. cinereus Green, 1818, is 
one of the smallest woodland species of lungless 
salamanders that occurs throughout the north¬ 
eastern United States and southeastern Canada, 
with populations in Ontario, Minnesota, Missou¬ 
ri, Arkansas, Oklahoma, Louisiana, and Georgia 
(Vogt, 1981). Both species inhabit mesic forests 
throughout northern Wisconsin. Although para¬ 
sites of the spotted salamander, Ambystoma ma¬ 
culatum, and the red-backed salamander, Pleth¬ 
odon c. cinereus, have been studied by several 
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